Background/Aims: Chronic inflammation plays an important role in the initiation and progression of gastric cancer (GC). However, the role and relationship of activated macrophages with gastric mucous epithelium cells in initiating and maintaining the inflammatory process during gastric carcinogenesis remains unclear. Methods: The tumour associated macrophages (TAMs) density of gastric cancer was characterized by immunohistochemistry, and the relationship between macrophages and gastric epithelium cells was analysed using an in vitro culture system that imitates the inflammatory microenvironment. The production of proinflammatory cytokines was detected by enzyme-linked immunosorbent assay (ELISA) and quantitative real-time PCR (qRT-PCR). MTT assays, Western blotting, qRT-PCR, and luciferase reporter assays were used to detect the effects of cell proliferation, as well as the NF-κB and STAT3 signalling pathways. Results: TAMs infiltrated with a high intensity in GC and were significantly correlated with histology grade (P = 0.012), metastasis (P = 0.001), TNM stage (P = 0.002), and poor prognosis in patients (PFS, P = 0.005; OS, P = 0.028). In addition, IL-6 and IL-8 were elevated in the serum of GC patients and significantly promoted the growth of GC. The exposure of BGC823 gastric cancer cells to a conditioned medium from LPS-treated D-THP-1 cells significantly induced the production of TNF-α, IL-6, IL-1β and IL-8 (P< 0.01). LPS and LPStreated D-THP-1-conditioned media promoted gastric cancer cell proliferation and triggered the significant activation of NF-κB and STAT3 with a concomitant degradation of IκBα and an
Introduction
Gastric cancer (GC) is the second most common cause of cancer-related deaths world wide [1] , and it is also the second leading cause of cancer mortality in China [1] . However, the pathogenic mechanism of GC is still not clear. In recent years, attention to the "inflammation to cancer chain" has suggested that most gastric cancers are caused by chronic inflammation in gastric mucosa [2] , especially helicobacter pylori (HP) infected gastritis [3] [4] [5] . Helicobacter pylori bacteria have been thought to be initiators of the Correa cascade fromchronic reactive gastritis to chronic atrophic gastritis, intestinal metaplasia, atypical hyperplasia and ultimately gastric cancer [4, 6] . Lipopolysaccharide (LPS) binds to external receptors and activates cellular signal pathways, promoting the occurrence and development of GC [6] . In addition, EBV infection can also promote development of GC [7, 8] . Therefore, GC is considered an inflammation-related cancer [2, 9] . Understanding the mechanism of the chronic inflammation leading to GC would provide a new therapeutic strategy for GC. Although it has been increasingly reported that chronic inflammation plays a role in gastric carcinogenesis, it is still unclear how the gastric mucous epithelium cells are involved in the inflammatory process that results in chronic inflammation, especially the complex interaction of GC cells with their microenvironment.
It is well known that the microenvironment of solid tumours is rich in inflammatory cells that influence tumour growth and development [10] . Macrophages, especially so-called tumour-associated macrophages (TAMs), are the most abundant immune cell population present in tumour tissues, and they are usually marked by CD68 [11, 12] . The polarization of macrophages into tumour-suppressive M1 or tumour-promoting M2 types is a fundamental event in the establishment of the tumour microenvironment, and ample evidence has indicated that TAMs are primarily M2 polarized, which act as pro-tumourous factors in many types of human tumours [13, 14] . iNOS and CD163 are the markers of M1 and M2, respectively [15] . It is well known that TAMs typically promote cancer cell proliferation, immunosuppression, and angiogenesis in support of tumour growth and metastasis [16, 17] . Numerous studies have shown that cancer tissues with high infiltration of TAMs are associated with resistance to therapies and poor patient prognosis [18, 19] . However, the function and mechanism of TAMs in GC remain unclear. Clarifying the roles of activated macrophages or other immune cells and the interaction with gastric mucous epithelium cells during chronic inflammation will contribute to an understanding of how the pro-inflammatory response is initiated and amplified during gastric carcinogenesis.
In this study, we examined the infiltration of TAMs in gastric cancer tissues and the clinical significance, and we assessed the response of gastric carcinoma epithelial cells to LPS and TAMs through simulating an inflammation microenvironment in vitro. Our results provided evidence and clarified the role and relationship of TAMs with gastric mucous epithelial cells in initiating and maintaining the inflammation process during gastric carcinogenesis.
Materials and Methods

Patient samples
To study the macrophage infiltrated density, a total of 90 surgically resected gastric cancer specimens were collected from 2008 to 2010 at our hospital. The specimens were collected from patients who did not receive radiotherapy or chemotherapy. Individual patients with GC were diagnosed and confirmed by pathological examination. The clinical and pathological features are shown in Table 1 . The average follow-up was 52.49 months (ranging from 1 to 180 months).
To estimate the serum levels of IL-6 and IL-8 in the GC patients, sera of 60 patients with gastric cancer, 20 patients with gastric benign lesions and 30 healthy volunteers were collected from inpatients/outpatients and healthy donors with normal physical examination results.
Immunohistochemistry (IHC)
The contents of infiltrated macrophages in individual GC specimens were characterized by IHC using an avidin-biotin peroxidase complex method as previously reported [20] . Briefly, paraffin sections were deparaffinised and then hydrated using an immunohistochemistry kit (Maixin Biotech. Co., Fuzhou, China) according to the manufacturer's instructions. The individual tissue sections were incubated with polyclonal rabbit anti-CD68 and anti-CD163 (Maixin Biotech. Co., Fuzhou, China) overnight at 4ºC, and normal rabbit IgG was used as the negative control. The bound antibodies were detected by biotinylated goat anti-rabbit IgG, HRP-conjugated avidin and DAB. The staining was brown or tan and located in the cytoplasm. The percentages of CD68 + cells in three representative highpower fields of individual samples were analysed for macrophage infiltration and scored as 0 (<5% of CD68 + cells), 1 (5-25%), 2 (>25-50%), and 3 (> 50%) as previously described [21] . Individual specimens were evaluated by at least two pathologists in a blind manner.
Cell culture
The human THP-1 monocyte cell line and immortalized human GC cell lines (MGC803, BGC823, and SGC7901) were obtained from the Cancer Research Institute of Central South University (China). The MKN28 GC cell line was obtained from the Cancer Research Institute of University of South China (China). Cells were cultured in RPMI 1640 medium supplemented with 10% foetal calf serum (FCS) and were maintained in a humidified incubator at 37°C in an atmosphere of 5% CO 2 . THP-1 monocytes were stimulated with 5 ng/ml phorbol 12-myristate 13-acetate (PMA; Sigma, St Louis, USA) for 48 h to induce THP-1 macrophage differentiation [22, 23] .
Conditioned media collection THP-1 cells were first induced to differentiate into macrophages with PMA treatment at a final concentration of 5 ng/ml for 48 h according to previously established protocols [22, 23] . The differentiated D-THP-1 cells were either left untreated or were activated with a low dose of LPS (10 ng/ml), and the culture supernatants from these cells were collected after 48 h incubation, filter-sterilised as conditioned media, 
Cytokines measured by enzyme-linked immunosorbent assay (ELISA)
The serum of GC patients, D-THP-1 culture supernatants, BGC823 cytosolic protein extracts and MKN28 cytosolic protein extracts were collected for cytokine analysis by ELISA. The TNF-α, IL-6, IL-1β and IL-8 ELISA kits were obtained from Boster Biological Technology Co. Ltd. (Wuhan, China), and theses cytokines were measured according to the manufacturer's instructions. The concentrations of IL-6 were normalized to cell numbers.
MTT assay
The effects of LPS and conditioned media from D-THP-1 cells on cell proliferation were measured using an MTT assay. Briefly, BGC823 and MKN28 cells (4 × 10
3
) were seeded in 96-well culture plates and were cultured for 6 h to allow for cell attachment. Cells were pre-incubated with or without LPS and conditioned media from D-THP-1 cells for 24 h. Subsequently, cells were exposed to MTT(25 ml/well at 5 mg/ml) for 4 h, and the supernatant from each well was then removed. The formed formazan was dissolved in 0.15 ml of dimethyl sulfoxide, and the optical density (OD) value was measured at 490 nm.
RNA isolation, real-time PCR (RT-PCR) and quantitative real-time PCR (qRT-PCR)
A total RNA kit (Invitrogen, USA) was used to extract total RNA according to the kit's instructions. cDNA was synthesized by AMV-mediated reverse transcription (Promega Biotech Co., Ltd., Beijing, China) at 42°C for 1 h and heated at 95°Cfor 5 min. Primers were used to detect the expression of TLR1-6, CD14, MD2, TNF-α, IL-6, IL-1β and The primers for GAPDH (length: 226 bp) were L-5'-gaaggtgaaggtcggagtc-3' and R-5'-gaagatggtgatgggatttc-3'. PCR products were electrophoresed on 2% agarose gels (ethidium bromide staining), and the Bio-Rad gel imaging system (Bio-Rad Laboratories, Inc., CA, USA) was used for imaging. GAPDH was considered as a reference. Real-time quantitative PCR (qRT-PCR) was performed using a SYBR green-containing PCR kit (Gene Pharma, Shanghai, China). The relative levels of individual gene mRNA transcripts to control GAPDH were determined, and the relative change in mRNA expression for each gene of interest was determined by a fold change in which the degree of change was defined as 2 -ΔΔCT
.
Western blot BGC823 and MKN28 cells were pre-incubated with or without LPS and conditioned media from D-THP-1 cells for 24 h, and the levels of target proteins were determined by Western blot assays. The antibodies were as follows: rabbit anti-Stat3 (1:1000), anti-p-Y705-Stat3 (1:1000), anti-p-Jak2 (Tyr1007/1008) (1:1000), anti-NF-κB p65 (1:1000), anti-IκBα (1:1000) and mouse anti-GAPDH (1:2000) (Sigma, St. Louis, USA). The bound antibodies were detected by HRP-conjugated second antibodies and visualized using ECL. Protein levels were quantified by densitometry with a documentation system, and GAPDH was used as a loading control.
Luciferase reporter Assay
The transcriptional activity of Stat3 and NF-κB was measured by luciferase reporter gene assays. Briefly, GC cells were transfected with control Renilla luciferase reporter plasmid mixed with firefly luciferase pStat3-TA-luc or NF-κB-TA-lucreporter plasmid, which contained the conserved Stat3 and NF-κB binding sites, respectively, or with blank pGL6-TA-luc plasmid (Beyotime, Jiangsu, China) at a 1:10 ratio using Lipofectamine 2000. After 2 days, cells were treated in triplicate with or without LPS (50 ng/ml) or conditioned media for 2 hrs, and the luciferase activity in different groups of cells was determined by the Dual-Glo TM Luciferase Assay System (Promega Biotech Co., Ltd., Beijing, China 
Results
TAMs are highly infiltrated in gastric cancer and correlate with disease progression and patient survival TAM-related inflammation in tumour tissues is associated with the development and progression of malignancies, and macrophages are major players in tumour-related inflammation and are associated with an adverse prognosis in cancer. To explore the macrophage density and its relationship to patient survival of gastric cancer, CD68 and CD163 expression was examined using TMA and immunohistochemistry (IHC). Representative IHC staining of macrophages is shown in Fig. 1a . TAMs were predominantly detected in both the stroma and tumour-cell islets in GC specimens. The staining indicated that 59 out of 90 GC samples (65.6%) had a high density of TAMs (CD68 IHC scored at 2 or 3), and almost all TAMs were M2-TAMs. The density of TAM infiltration was positively correlated with histology grade (P = 0.012), metastasis (P = 0.001) and TNM stage (P = 0.002) but not significantly correlated with gender (P = 0.625) and age (P = 0.737) ( Table 1) . Furthermore, the high density of TAMs was associated with significantly shorter progressionfree survival (PFS) (P = 0.005) and overall survival (OS) (P = 0.028) than the low density of TAMs (CD68 IHC scored at 0 or 1) (Fig. 1b) . Multivariate analysis demonstrated that age, gender, clinical staging and metastasis had no significant association with PFS or OS of GC patients but that the expression of CD68 was 
significantly associated with PFS and OS of GC patients ( Table  2 ). These results indicated that TAM infiltration is positively correlated with disease progression and negatively related to patient survival in gastric cancer, indicated that it is an important indicator of prognosis.
IL-6 and IL-8 are correlated with disease progression and promote the proliferation of gastric cancer
Macrophages are major producers of pro-inflammatory cytokines, such as IL-6 and IL-8, and these cytokines are commonly found in gastric cancer [22, 23] . We further characterized the serum levels of IL-6 and IL-8 in 60 patients with gastric cancer, 20 patients with gastric benign lesions and 30 healthy volunteers by ELISA. As shown in Table 3 , high levels of IL-6 and IL-8 were detected in the sera of gastric cancer patients and increased with clinical staging progression, but the sera levels of IL-6 and IL-8 were low in healthy individuals. We further investigated the effects of IL-6 and IL-8 on the proliferation of gastric cancer cells. The BGC823 and MKN28 gastric cancer cell lines were stimulated with a concentration range (0, 10, 50, and 100 ng/ml) of IL-6 and IL-8 for 24 h, and cell proliferation was determined by MTT assays (Fig. 2a) . IL-6 or IL-8 stimulated gastric cancer cell proliferation in a dose-dependent manner. Similarly, treatment with 50 ng/ml IL-6 or IL-8 for different periods promoted gastric cancer cell proliferation in a time-dependent manner (Fig. 2b) . These results suggested that IL-6 and IL-8 are correlated with disease progression in gastric cancer by promoting growth.
D-THP-1-conditioned media induces the production of pro-inflammatory cytokines in gastric cancer cells THP-1 monoctyes are differentiated into macrophages (called D-THP-1 cells) under
stimulation by PMA and subsequently activated by low dose LPS (10 ng/ml) to secrete pro-inflammatory cytokines, such as TNF-α, IL-6, IL-1β and IL-8 [23] . Thus, to investigate if gastric cancer cells produce pro-inflammatory cytokines, the culture supernatants from Table 4 shows that when BGC823 cells were treated with LPS-treated D-THP-1-conditioned media, the levels of IL-6 (62.3 ± 9.31 pg/ml), IL-8 (29.6 ± 6.15 pg/ml), TNF-α (703.0 ± 61.58 pg/ml) and IL-1β (11.6 ± 2.15 pg/ml) increased (p < 0.001) compared to those of untreated gastric cancer cells and D-THP-1-conditioned media (control group), and these cytokines also increased in BGC823 cells treated with LPS or LPS-untreated D-THP-1-conditioned media (p < 0.01). However, the levels of these cytokines were significantly lower than those in BGC823 cells treated with LPS-treated D-THP-1-conditioned media (p < 0.01). In addition, we detected the mRNA levels of these four pro-inflammatory cytokines by quantitative real time PCR, and the results indicated that the mRNA expression levels of these cytokines were significantly increased in BGC823 and MKN28 cells treated with LPS-treated D-THP-1-conditioned media (Fig. 3a & b) . These results indicated that gastric cancer cells auto-secrete pro-inflammatory cytokines after induction with LPS or pro-inflammatory cytokines. 
LPS and D-THP-1-conditioned media promotes the proliferation of gastric cancer cells
cell proliferation in a dose-dependent manner (Fig. 4a) . Similarly, treatment with 100 ng/ ml LPS for different time periods promoted BGC823 and MKN28 cell proliferation in a timedependent manner (Fig. 4b) . When compared to gastric cancer cells treated with LPS (10 ng/ml), conditioned media from untreated D-THP-1 cells or untreated controls, conditioned media from LPS-treated D-THP-1 cells also significantly stimulated BGC823 and MKN28 cell proliferation. When compared to untreated controls, however, proliferation was only slightly increased in gastric cancer cells treated with LPS (10 ng/ml) and LPS-untreated D-THP-1-conditioned media (Fig. 4c) , which maybe due to the low concentration of LPS and proinflammatory cytokines. These data indicated that LPS or LPS-treated D-THP-1-conditioned media promotes gastric cancer cell proliferation.
Activation of NF-κB and STAT3 signalling pathways in gastric cancer cells treated with LPS and D-THP-1-conditioned media
The cellular recognition and response to LPS depend on the interplay of CD14 and the TLR4/MD2 complex [24] . NF-κB and STAT3 are crucial transcription factors and have an essential role in pro-inflammatory gene expression [25] . Thus, we detected the expression of CD14, TLR1-6 and MD2 to test if LPS activates the NF-κB and STAT3 pathways in gastric cancer cells. As illustrated in Fig. 5, BGC823 , MKN28, MGC803, and SGC7901 gastric cancer cells significantly expressed TLR1, TLR4, TLR6, CD14 and MD2 as measured by RT-PCR (Fig. 5a ) and qRT-PCR (Fig. 5b) . Compared to the untreated gastric cancer cells, the levels of phosphorylated-NF-κB p65 and phosphorylated-Stat3 significantly increased in BGC823 and MKN28 cells treated with LPS (100ng/ml) for 3 h, and these cells also displayed decreased IκBα inhibitory protein and increased phosphorylated JAK2 levels (Fig. 5c ). In addition, significantly higher levels of NF-κB and STAT3 transcription activity were detected in the BGC823 and MKN28 cells treated with LPS compared to those in untreated cells (Fig. 5d) . Similarly, higher levels of NF-κB and STAT3 transcription activity was detected in BGC823 cells treated with LPS-treated D-THP-1-conditioned media compared to those in untreated cells (Fig. 5e) . Significantly higher levels of p-NF-κB p65, p-STAT3 and p-JAK2, and lower levels of IκBα protein, were detected in BGC823 cells treated with LPS-treated D-THP-1-conditioned media compared to that of untreated cells. These proteins were influenced partially in BGC823 cells treated with LPS (10 ng/ml) and LPS-untreated D-THP-1-conditioned media, and no significant difference was observed between BGC823 cells treated with LPS (10 ng/ (Fig. 5f ), which maybe due to the low concentration of LPS and pro-inflammatory cytokines. These data suggested that the gastric cancer cells respond to LPS through membrane LPS receptors, such as TLR1, TLR4, TLR6, CD14 and MD2, and then activate the NF-κB and STAT3 signalling pathways.
Discussion
Increasing evidence supports a close relationship between chronic inflammation and tumour development [26, 27] . Approximately 20-25% malignant tumours are caused by chronic inflammation, including GC, nasopharyngeal carcinoma (NPC), lung cancer and liver cancer [12, 28] . The molecular mechanism of inflammatory transformation to cancer has attracted increasing attention in the area of carcinogenesis [27] . As an inflammationrelated cancer, GC is most commonly caused by HP, which is an important pathogenic factor [3, 6, 29, 30] . Helicobacter pylori is a type of spiral and Gram-negative bacterium that requires little oxygen and grows in specific conditions. LPS can activate cell signalling via cell membrane receptors to induce the inflammation response. However, in the process of chronic gastric inflammation to GC, the function of activated immune cells still needs to be further investigated.
Within the established microenvironment, TAMs are one of the most abundant and crucial non-neoplastic cell types, and they promote the growth, angiogenesis, and metastasis of a variety of cancers [13, 31, 32] . Numerous studies have demonstrated that the density of TAMs is associated with a poor prognosis and enhanced tumour growth [11, 31, 32] . Furthermore, TAM-derived cytokines, such as IL-6, IL-1, IL-8, TNF-α, CCL-17 and CCL-22, significantly contribute to proliferation, immunosuppression, and angiogenesis in support of tumour growth and metastasis [32] . In this study, high density of infiltrated TAMs was closely associated with the growth and poor prognosis of GC. IL-6 and IL-8 were significantly increased with the progression of GC. Therefore, we explored the interaction of GC epithelial cells and TAMs in maintaining the inflammation process during gastric carcinogenesis.
LPS is the main periplastic component of bacteria, which gives rise to an intense immune reaction and induces a large number of pro-inflammatory factors, such as IL-6, IL-1, IL-8 and TNF-α [33] . Low dose LPS that is close to physiological level with bacterial infection stimulates macrophages to produce various inflammatory cytokines [33] . GC cells were exposed to conditioned media from low dose LPS-stimulated macrophages to mimic an inflammation environment to distinguish between the direct inflammatory response caused by GC cells and the response caused by macrophages. This approach was beneficial to evaluate the GC cell response to the soluble mediators secreted by activated macrophages. Our results showed that exposure of BGC823 cells to conditioned medium from LPS-treated D-THP-1 cells significantly induced production of the pro-inflammatory cytokines, TNF-α, IL-6, IL-1β and IL-8, at both in protein and mRNA levels. These results indicated that gastric cancer cells auto-secrete pro-inflammatory cytokines after induction with pro-inflammatory cytokines rather than nonspecific uptake of cytokines from the conditioned media. In addition, both LPS and conditioned medium with D-THP1-LPS promoted GC cell proliferation. Even though the short duration experiment did not sustain imitation of the condition of gastric mucosa exposed to a chronically inflamed tissue microenvironment, these results indicated that gastric mucosa epithelial cells may auto-secrete pro-inflammatory cytokines by repeated stimulation of chronic inflammation, which, in turn, induces and amplifies the local production of pro-inflammatory cytokines, thus further injuring gastric mucosa epithelial cells and potentially leading to the progression of GC.
It is well known that bacterial endotoxin (LPS) has many biological functions through cell membrane receptors, and the cellular recognition and response to LPS depend on the interplay of CD14 and the TLR4/MD2 complex [24] . The NF-κB and Stat3 transcriptional factors are critical regulators in cell signalling and play an important role in inflammation- promoted cancers [34] [35] [36] [37] . NF-κB and Stat3 activated by inflammation regulate transcription and expression of various genes, including genes involved in immune response, cell proliferation and apoptosis [38] [39] [40] [41] . At normal physiological status, the activation of NF-κB and Stat3 is rigorously regulated, but this regulation is disrupted with abnormal activation in many cancers, resulting in overexpression of a series self-proliferation genes [39, [42] [43] [44] . In addition, crosstalk between NF-κB and Stat3 may affects each factor [39, 45] . The complex relationship between NF-κB and Stat3 signalling suggests that the NF-κB/Stat3 axis is an important regulator in tumour initiation and progression [39] . However, it is difficult to discriminate the abnormal activation of NF-κB and Stat3 originating from the tumour itself or infiltrated immune cells within the tumour microenvironment. In this study, our results showed that gastric cancer cells respond to LPS through LPS receptors in the cell membrane, such as TLR1, TLR4, TLR6, CD14 and MD2, and activate the NF-κB and STAT3 signalling pathways. This study also showed that pro-inflammatory cytokines, such as TNF-α, IL-6, IL-1β and IL-8, were induced directly by LPS or conditioned media from activated macrophages. This finding underlines the direct role of gastric mucosa epithelial cells during the inflammatory process and their participation in a positive feedback loop that leads to chronic inflammation and tumour cell proliferation. TAMs may facilitate tumour initiation and progression through auto-secreting and para-secreting pro-inflammatory cytokines.
Conclusion
Our results suggested that high density of TAM infiltration in GC is positively associated with clinical progression and poor prognosis. GC cells may play a significant role in maintaining and amplifying the local pro-inflammatory response upon encountering activated macrophages and LPS, which activate NF-κB and STAT3 pathways, thereby resulting in gastric cancer initiation and progression. In addition, this finding provides new evidence that chronically inflammation is closely associated with the initiation and progression of gastric cancer. 
